Background: To determine the maximum tolerated dose of a bi-and tri-weekly combination chemotherapy with cyclophosphamide, doxorubicin, vincristine and prednisone plus etoposide (CHOEP) regimen without stem-cell support. with different chemotherapy models favoring the maximally escalated bi-or tri-weekly regimen, respectively. Because a higher total dose can be achieved with six cycles of the tri-weekly compared with the biweekly regimen, CHOEP-21 at dose escalation level 3 was chosen for a nationwide randomized comparison with baseline CHOEP-21 in a subsequent phase III trial.
without stem-cell support, the German High-Grade NonHodgkin's Lymphoma Study Group (DSHNHL) initiated a randomized phase I/II dose escalation study for the CHOEP-14 and CHOEP-21 regimens, respectively, in untreated patients with aggressive NHL. Randomization was carried out to provide two unbiased independent estimates for the dose levels that can be achieved with either schedule but not to compare with outcomes.
patients and methods
The study was conducted in accordance with the Helsinki Declaration. The protocol was approved by the ethics review committee of each participating center. All patients gave written informed consent. Eligible were patients 18-60 years old with untreated aggressive lymphoma according to the World Health Organization (WHO) classification [5] with a sufficient performance status [Eastern Cooperative Oncology Group (ECOG) scale 0-3]. In the original protocol, only patients with elevated lactate dehydrogenase (LDH) were eligible; after an amendment, patients with any risk profile according to the age-adjusted International Prognostic Index (IPI) [6] with the exception of patients in stage I without bulky disease were eligible. Excluded were patients with primary central nervous system or gastrointestinal mucosa-associated lymphoid tissue lymphoma, significant dysfunction of major organs, known HIV or active chronic hepatitis B or C infection. Histological diagnosis was reviewed by a panel of expert hematopathologists and was available in 97% of the cases.
staging
The stage of lymphoma was defined by means of physical examination, relevant laboratory parameters (complete blood cell count and basic blood chemistry including LDH), computed tomography of the chest, abdomen, bone marrow biopsy and other investigational procedures depending on clinical symptoms. All patients had measurements of their maximal tumor mass and bulky disease was defined as the presence of a tumor mass with a maximal diameter of ‡7.5 cm.
treatment and dose level allocation
Patients were randomly assigned to receive the currently active dose level of the high-CHOEP-14 or high-CHOEP-21 regimen, respectively at a 1 : 2 ratio. The allocation to a dose level was determined when the patient was randomly allocated to the study (Table 1) . The allocated dose level and schedule had to be maintained for all six chemotherapy cycles, unless excessive toxic effects required a dose reduction. In the latter case, the next cycle was given with a dose of one dose level lower. The starting dose level was dose escalation level 1 for patients randomly assigned to the biweekly and dose escalation level 2 for patients randomly assigned to CHOEP-21. Granulocyte colony-stimulating factor (filgrastim or lenograstim) starting on day 4 until recovery of leukocytes was mandatory. Radiotherapy (36 Gy) was given to the sites of primary bulky and extranodal disease.
sampling and dose escalation strategy
The aim of this study was to estimate the maximum tolerated dose (MTD) separately for the 2-week and 3-week regimens. It was assumed that dose-limiting toxicity (DLT) would be noncumulative and essentially concerned timeliness of the normalization of blood parameters. Therefore, MTD was defined as the maximal dose level at which ‡2/3 of all cycles can be given without DLT and which allowed the timely (i.e. with a maximum delay of 2 days) application of the next cycle of high-CHOEP-14 and high-CHOEP-21, respectively, in order to preserve adherence to the bi-and tri-weekly regimens. DLT was defined as thrombocytopenia <80 000/mm 3 or leukocytopenia <2500/mm 3 on days 16 and 23 for high-CHOEP-14 and high-CHOEP-21, respectively, or prolonged (>4 days) leukocytopenia <1000/mm 3 or thrombocytopenia <20 000/ll, active infection at the end of cycle or serious nonhematological toxicity. In order to determine the MTD, the up-and-down dose escalation algorithm proposed by Storer [7] was generalized to deal with nonsequential patient entry and toxicity information from multiple cycles per patient. This algorithm had been successfully tested in the bleomycin, etoposide, adriamycin, cyclophosphamide, prednisone, procarbazine (BEACOPP) run-in study of the German Hodgkin Study Group DHSG [8] and enables a rapid and safe dose escalation. Close monitoring of toxic effects by phone interview after each cycle of every single patient as well as rapid dose reductions in the case of toxic events were carried out. The dose level of each newly registered patient was determined according to all available information on all patients treated so far. The dose level was increased for a new patient as soon as two cycles at the currently activated dose level without a DLT had been reported. If a DLT was reported in a cycle at a currently active dose level or below, the next patient was allocated to the next lower dose level. As a consequence of this algorithm, a rapid (and patient sparing) dose finding is possible and an oscillation of the dose level around the MTD, i.e. a dose level with a probability of 33% for a DLT, is achieved promptly. This strategy carries the risk of too high a dose level for 3%-5% of the patients. In order to reduce this risk further, a Bayesian estimator [9] was introduced that did not allow the currently active dose level to be escalated beyond more than one dose level of this estimator. The dose escalation in high-CHOEP-14 and high-CHOEP-21 was evaluated separately in both arms because hematotoxicity in the dose-dense regimen was expected to differ from that in the conventional tri-weekly arm. Since an MTD was expected at a higher dose level for high-CHOEP-21, randomization was carried out in a 2 : 1 fashion between high-CHOPEP-21 and high-CHOEP-14. Recruitment to the respective treatment arm was stopped when a stable (i.e. in 2/3 cycles) DLT was reached. Minimum sample sizes for dose level estimates were determined through simulation studies requiring that the width of the 95% confidence interval for the MTD be in the order of half a dose level (n = 20 for high-CHOEP-14 and n = 40 for high-CHOEP-21). In order to also obtain estimates for the outcome end points, we planned the trial to recruit at least 50 patients in the treatment arm with the smallest case number. Complete remission (CR) and unconfirmed complete remission (CRu) were defined according to the International Workshop criteria [10] . CR and CRu lasting <2 months after the final restaging were counted as progression. Event-free survival (EFS) was defined as the time from the beginning of therapy to disease progression, initiation of salvage therapy, relapse or death whichever come first. Overall survival (OS) was defined as time from the beginning of therapy to death from any cause. Follow-up evaluation included the same investigations and was carried out every 3 months in the first 2 years after treatment, every 6 months from third up to the fifth year after treatment. Statistical analyses were carried out with SPSS (version 11.5).
results patient characteristics
From February 1998 to June 2000, 54 institutions recruited 139 patients for this study. Twenty patients were excluded from further analysis after initial registration for the following reasons: histopathology not according to inclusion criteria (e.g. Burkitt lymphoma, lymphoblastic lymphoma, concomitant follicular lymphoma) (n = 13), bone marrow infiltration >25% (n = 1), withdrawal of informed consent after initial signature (n = 2), severe comorbidities (n = 2), previous treatment (n = 1) and ECOG performance status of four (n = 1). The characteristics of the 119 assessable patients are shown in Table 2 . More than two-thirds had an elevated LDH and bulky disease, respectively. In all, 47% of the patients had a high-intermediate or high-risk score according to the age-adjusted IPI. Due to the arm allocation procedure and the nature of this trial, arms were not balanced with respect to risk factors, with a higher percentage of high-risk patients in the high-CHOEP-14 arm. According to the reference pathology which was available in 97.5% of the patients, 11.3% of the aggressive lymphomas were of T-cell origin and 88.7% were of B-cell origin, the majority (73.9%) being diffuse large B-cell lymphomas (DLBCLs) ( Table 2) .
dose level allocation and schedule adherence Forty-seven patients were randomly allocated to high-CHOEP-14 and 92 to high-CHOEP-21. The allocation of the patients to the different dose escalation levels and the evolution of the dose escalation are shown in Table 3 and Figure 1 , respectively. Median treatment duration for six cycles was 78 (planned 71) days in high-CHOEP-14 and 108 (planned 105) days in high-CHOEP-21. Treatment duration was calculated excluding patients who received only one cycle and censoring those with early termination of planned treatment because of insufficient response using the Kaplan-Meier method. With respect to the different dose escalation levels, treatment duration was 74 days in high-CHOEP-14 at dose escalation level 1 and 83 days at dose escalation level 2. In the high-CHOEP-21 arm, patients at dose escalation level 4 had a median duration of 108 days. One of the key criteria for the definition of the MTD was the possibility to start the next cycle in the planned 14-or 21-day intervals at each dose level with a tolerance of 2 days, i.e. day 16 for high-CHOEP-14 and day 23 for high-CHOEP-21. Active infections, prolonged neutropenia or thrombocytopenia <20 000 platelets during the 
safety and toxicity
High-CHOEP was associated with increased hematotoxicity compared with the baseline CHOEP-21 or CHOEP-14 regimen, respectively [1] . Frequencies of leukocytopenia and thrombocytopenia are shown in Table 4 ; due to the longer time available for hematopoietic recovery, the dose escalation level reached in high-CHOEP-21 was higher than in high-CHOEP-14. Red blood cell transfusions were given in 42.1% and 32.7% of the cycles after high-CHOEP-14 and high-CHOEP-21, respectively. The respective figures for platelet transfusion were 6.8% and 12.5%, respectively. Higher doses of chemotherapy necessitated more transfusion of platelets and red blood cells than in baseline CHOEP. The allocated treatment was terminated early in six patients randomly allocated to high-CHOEP-14, because of disease progression or insufficient response in four patients, of whom three received high-dose chemotherapy subsequently; in two patients planned additional radiotherapy of bulky disease was not given after completing chemotherapy (one patient each because of the patient's and the treating physician's decision, respectively). In high-CHOEP-21, treatment was not completed as planned in 12 patients: due to disease progression or insufficient response in seven patients (of whom two proceeded to high-dose chemotherapy with stem-cell support) or excessive toxicity (one patient with viral encephalitis), and planned radiotherapy after the completion of chemotherapy was not given to three patients (one patient because of the patient's and two because of the treating physician's decision, respectively). One patient was taken off study after the fourth cycle due to insufficient compliance (drug addiction). Infections of WHO grades 3 and 4 occurred in 5.9% of the high-CHOEP-14 cycles in 7 of 38 (18.4%) patients and in 2.6% of the high-CHOEP-21 cycles in 10 of 76 (13.2%) patients. Polyneuropathy of the WHO grades 3 and 4 occurred in 5.3% of the patients receiving high-CHOEP-14 and in 1.3% of the patients receiving high-CHOEP-21. There was no treatment-related death after high-CHOEP-14 and one death (1.3%) due to infection after high-CHOEP-21.
With a median follow-up of 48 months for all patients, six secondary neoplasias were reported, four after high-CHOEP-21 and two after high-CHOEP-14. The secondary neoplasias consisted of one acute and two chronic myeloid 
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leukemias, one T-cell lymphoma, one basalioma and one liver metastasis of an adenocarcinoma of unknown origin.
maximum tolerated dose
The MTD for high-CHOEP-14 was reached at dose escalation level 2, with leukocytopenia WHO grades 3 and 4 occurring in 84.3% and thrombocytopenia WHO grades 3 and 4 in 57.9% of the cycles given at this dose level. The MTD for high-CHOEP-21 was reached at dose escalation level 4, with leukocytopenia WHO grades 3 and 4 occurring in 95.5% and thrombocytopenia WHO grades 3 and 4 in 73.9% of the cycles given at this dose level. After the decision was made to use high-CHOEP-21 as the experimental arm in the subsequent multicenter randomized comparison with CHOEP-21, additional patients were treated at this dose level in order to gain more experience with high-CHOEP-21 (Figure 1 ). According to the concept of relative dose intensity [3] , the MTD of the biweekly CHOEP-14 (at dose escalation level 2) compared favorably with the tri-weekly schedule dose level 4. Compared with baseline CHOEP-21, the relative dose intensity of high-CHOEP-14 at the MTD level 2 (cyclophosphamide 240%, doxorubicin 180%, etoposide 225%, vincristine 150% and prednisone 150%) was 185% compared with 150% for high-CHOEP-21 at dose escalation level 4 (cyclophosphamide 213%, doxorubicin 140%, etoposide 200%, vincristine 100% and prednisone 100% of baseline CHOEP-21). In contrast, according to the concept of 'effective dose' [4] , high-CHOEP-21 at dose escalation level 4 had a better effective dose than high-CHOEP-14 at dose escalation level 2 (36.5 versus 33.2 effective dose units).
efficacy
Due to the nature of the arm allocation and the resulting imbalance of prognostic factors in this randomized phase I/II feasibility design, no statistical calculations for arm comparisons were planned. With high-CHOEP-21, 63 of 78 (80.8%) patients assessable for response achieved a CR, 7.7% a partial remission, 1.3% a minor response, while 9.0% had progressive disease under treatment. After high-CHOEP-14, 27 of 41 (65.8%) achieved a CR and 12.2% a partial remission; 2.4% had no change and 17.1% had progression under therapy.
After a median observation time of 48 months, both EFS and OS rates were superior after high-CHOEP-21 compared with high-CHOEP-14 ( Figure 2) . Four-year EFS was 47.9% after high-CHOEP-14 and 66.2% after high-CHOEP-21, and 4-year OS was 62.1% after high-CHOEP-14 and 73.4% after high-CHOEP-21, respectively. In a multivariate analysis with the variables high-CHOEP-14 versus high-CHOEP-21, elevated LDH, advanced stage III and IV and ECOG performance status of more than or equal to two, there was no difference between high-CHOEP-14 and high-CHOEP-21 with respect to EFS (relative risk: 0.68; P = 0.222) and OS (relative risk: 0.74; P = 0.423).
discussion
In the NHL-B1 trial of young good prognosis patients with aggressive lymphoma, the addition of etoposide to the CHOP regimen resulted in a higher rate of CRs, a reduced rate of progressions during therapy and a 10% improvement of EFS after 5 years in young patients with good prognosis aggressive lymphoma. Thus, CHOEP represented the first improvement for this group of patients since the introduction of the CHOP regimen 31 years ago [11] . To date, other attempts to improve treatment results by increasing dose or dose intensity in young good-risk patients have failed [12] . Moreover, in contrast to other dose intensifications of CHOP [13] no increase in secondary myelodysplastic syndromes and acute myeloid leukemias was observed after CHOEP. In the NHL-B1 trial, interval reduction of the CHOEP regimen from 3 to 2 weeks had an (albeit minor) additional positive effect, and in contrast to CHOEP-21 did not only improve EFS (as did CHOEP-21) but also the rate of CRs and OS compared with CHOP-21. Moreover, a subgroup analysis of the NHL-B1 trial showed that patients with bulky disease have a particular benefit from interval reduction. Because the high-CHOEP phase II trial reported here included all young patients with aggressive lymphoma irrespective of their age-adjusted IPI and pretreatment LDH levels, it was the aim of this study to define the MTD both for the biweekly and tri-weekly CHOEP schedule in order to determine which schedule would allow for a higher relative dose intensity or effective dose, thereby qualifying as the comparator in a subsequently planned randomized comparison with baseline CHOEP-21.
The strategy of dose escalation pursued in this study followed a generalized up-and-down dose escalation algorithm as proposed by Storer [7] to deal with nonsequential patient entry and delayed toxicity information due to multiple cycles given at one dose level. This algorithm had been successfully tested in the BEACOPP run-in study of the German Hodgkin Study Group (DHSG) [8] . The experience of the DHSG in that trial and the results of the high-CHOEP dose escalation study confirm that this algorithm enables a rapid and safe escalation.
The course of the high-CHOEP dose escalation and the DLTs confirmed our assumption that the DLT would be defined by myelosuppression (i.e. leukocytopenia or thrombocytopenia) and not by other toxic effects and that higher doses should be feasible in the tri-weekly compared with the biweekly regimen. The results of our dose escalation study demonstrate that both with CHOEP-14 and CHOEP-21 significant dose escalations original article Annals of Oncology are possible without the risk of encountering undue toxic effects. This is also supported by only one therapy-associated death occurring in this prospective study with 119 assessable patients. That higher total doses can be achieved with dose-escalated CHOEP-21 does not necessarily mean that high-CHOEP-21 at dose escalation level 4 is more efficacious than high-CHOEP-14 at dose escalation level 2. Several models have been indicated to predict and compare the efficacy of different chemotherapy regimens [14] [15] [16] . Of the more recent models, the concepts of relative dose intensity [3] and effective dose [4] , which had correctly predicted the results of the dose-escalated BEACOPP regimen in Hodgkin's lymphoma [8] , have received much attention. Applying both models to the MTD of six cycles of CHOEP-14 given at dose escalation level 2 and high-CHOEP-21 at dose escalation level 4, different predictions, however, emerge with respect to their relative efficacy. The concept of relative intensity dose clearly favors high-CHOEP-14 at dose escalation level 2 over high-CHOEP-21 at dose escalation level 4, which have relative dose intensities of 185% and 151%, respectively, compared with baseline CHOEP-21. In contrast, the calculation according to the effective dose concept favors high-CHOEP-21 at dose level 4. According to this concept, six cycles of high-CHOEP-14 at dose level 2 have an effective dose of 33.2 U compared with baseline CHOEP-21 (effective dose: 22.4 U) and should improve the rates of CRs from 67.0% (CHOEP-21 baseline) to 76.0%, while the model predicts 36.5 effective dose units for six cycles of high-CHOEP-21 at dose level 4 which according to this concept should result in a slightly higher CR rate of 78%. This together with the higher total dose achievable with high-CHOEP-21 compared with high-CHOEP-14 made us choose high-CHOEP-21 for comparison with baseline CHOEP-21 in a subsequent randomized trial which aimed at improving further the results in young patients with good prognosis DLBCL. Dose level 3, rather than MTD dose level 4 of high-CHOEP-21, was chosen as the 'maximal practible dose' for this nationwide trial, in which centers with less experience than those in this dose escalation study were to participate. The results of this randomized trial will show whether the predicted 11% increase in CRs will be achieved in real life and whether the concept of effective dose will stand clinical scrutiny. 
